Normal human fibroblasts, considered to be entirely anchorage dependent for proliferation, have been grown in methylcellulose medium. The most important factor required for growth in suspension appears to be the use of high levels of serum and hydrocortisone. Newborn foreskin or fetal lung fibroblasts form colonies as large as 0.5 mm in diameter after 3 wk, with a colony-forming efficiency as high as 70%. Mouse 3T3 cells that do not form colonies in standard assays for anchorage-independent growth also grow under these conditions. Colony formation results after inoculation of as few as 100 cells per 60-mm dish, and metaphase cells have been visualized with a fluorescent DNA stain, showing that colony formation is due to division rather than aggregation. Fibroblasts recovered from suspension and grown as monolayers retain a diploid karyotype and normal shape, do not form tumors upon injection into nude mice, and become senescent. Thus, the trait of anchorage-independent growth in vitro is clearly possessed by normal human fibroblasts and can be expressed under the proper conditions.
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The transition of a normal cefl to a transformed one is accompanied by a host ofphenotypic changes. One such change is the ability of the transformed cell to grow unattached to a solid substratum, a property that has been termed anchorage-independent growth. This phenomenon was first described by MacPherson and Montagnier (1) , who used growth in soft agar as a method of selecting transformed cells from polyoma-infected baby hamster kidney cells. This correlation was further refined by Shin and colleagues (2, 3) , who showed a strong relationship between anchorage independence and the tumorigenic properties of cells.
However, results from other studies dispute the general validity of growth in suspension as a property ofonly tumorigenic cells. Several investigators (4) (5) (6) (7) have shown that certain transformed nontumorigenic cell lines exhibit anchorage-independent growth, whereas others have reported that a number of tumorigenic cell lines retain their anchorage dependence (8) .
The failure to demonstrate anchorage-independent growth ofcells may be due to inadequate culture conditions. The problem of creating an optimal nutrient environment for growth in suspension ofdifferent cell types has been studied only to a limited degree (9) (10) (11) and is undoubtedly as important a factor as it is for growth in monolayer.
Although it remains debatable whether or not growth in semisolid medium will prove to be a good correlate of tumorigenicity, normal human fibroblasts are considered to be entirely anchorage dependent for growth in vitro. In this report we show that normal human fibroblasts and other supposedly anchorage-dependent cells are capable of anchorage-independent growth under appropriate conditions. MATERIALS AND METHODS Cells. The cells used in this study are listed in Table 1 . They include several strains of normal diploid human fibroblasts, National Institutes of Health 3T3-Swiss albino mouse cells, HeLa cells, and somatic cell hybrids derived from fusions between human fibroblasts and HeLa cells. The foreskin fibroblasts were isolated in this laboratory as described (15) . All human fibroblasts were maintained in Dulbecco's modified Eagle's medium (DME medium) supplemented with 10% (vol/vol) fetal bovine serum or in MCDB 104 medium supplemented with 2% (vol/vol) dialyzed fetal bovine serum. This latter formulation has been shown to be superior to other medium formulations for the clonal growth of fibroblasts on solid substrata (16) . The other lines listed were maintained in DME medium supplemented with 10% (vol/vol) calf serum. All cells were regularly tested for mycoplasma contamination by cultural methods and by 4', 6-diamidino-2-phenylindole (DAPI) assay (17) and were always negative. Prior to the anchorage assays, all cells were grown as monolayers in flasks (Falcon).
Media. Several media formulations were tested in the anchorage assays. MCDB 104 medium was prepared from stock solutions in this laboratory as described (16) , with the exception that silicon, molybdenum, vanadium, nickel, tin, and linoleic acid were omitted. DME medium from GIBCO was prepared with 6.6 g ofHepes buffer per liter and adjusted to pH 7.4 before the addition of sodium bicarbonate (1.2 g/liter). Eagle's minimal essential medium (MEM/alpha modified; KC Biological, Lenexa, KS) was supplemented with nonessential amino acids and vitamins. Several lots ofcommercial fetal bovine serum and calf serum from Flow Laboratories (McLean, VA), Irvine Scientific (Irvine, CA), and Reheis (Scottsdale, AZ) were used. Dialyzed serum was prepared as described (18) . Hydrocortisone (Sigma) was solubilized in absolute ethanol; the final concentration of ethanol in the growth medium was 0.1% and was not deleterious to the cells.
Methylcellulose. Methylcellulose (2.6 g; Matheson, Coleman, and Bell or Dow) was dispersed in 30 ml of hot (approximately 900C) twice-distilled H20, followed by the addition of 70 ml of cold (40C) H20. The solution was stirred overnight at 40C, and then autoclaved for 40 min. The solution was stored at least 24 hr at 40C before it was mixed 1:1 with doubly supplemented medium. Five or 10 ml ofthis 1.3% methylcellulose medium was then pipetted into uncoated 60-mm bacteriological plates (Plasta Medic or Falcon) or tissue culture dishes (Lux Scientific). In some experiments, dishes were overlaid with 5 or 10 ml of 0.9% Difco agar, Noble agar, or agarose in DME medium supplemented with hydrocortisone and fetal bovine serum.
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The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. (19) . RESULTS Growth of Normal Human Fibroblasts in Methylcellulose. Fetal lung fibroblast cell strain GM2291 and newborn foreskin fibroblast cell strain HF1031 were inoculated into methylcellulose medium in uncoated bacteriological dishes. The ability of different medium formulations to support colony formation when 100 cells were inoculated per dish is listed in Table 2 . The cell strain GM2291 formed colonies in all the media tested, with a colony-forming efficiency as high as 49% in DME medium supplemented with hydrocortisone (10 ug/ml) and 20% fetal bovine serum. Foreskin fibroblasts also formed colonies when 100 cells were plated, but only in three of the six media. However, when 1000 cells were inoculated per dish, colonies formed in all media (data not shown). DME medium supplemented with hydrocortisone and 20% fetal bovine serum supported maximal growth of both cell strains.
The results from this experiment indicated that a reduction in the level of serum or hydrocortisone led to a decrease in colony-forming efficiency and colony diameter of both cell strains. To further examine this point, the anchorage-independent growth of GM2291 cells in DME medium supplemented with various levels of hydrocortisone was evaluated. Although size was relatively unaffected, the colony-forming efficiency increased significantly with an increase in hydrocortisone concentration (Table 3) .
The medium conditions then were extended to include Similar results were seen when tissue culture instead of bacteriological dishes were used (Table 6 ). Colony formation in tissue culture dishes was slightly decreased. In particular, almost no colony formation occurred in tissue culture dishes when methylcellulose with DME medium and only 10% fetal bovine serum was used. Colony formation in bacteriological or tissue culture dishes overlaid with agarose occurred only if DME medium supplemented with 20% fetal bovine serum was used and was greatly increased by the addition of hydrocortisone.
Progressive Growth of Colonies in Methylcellulose. GM2291 cells were inoculated at 1000 cells per uncoated bacteriological dish containing methycellulose in DME medium supplemented with hydrocortisone (10 ,g/ml) and 20% fetal calf serum. Dishes were selected on various days after inoculation, and the diameter of all colonies was measured. Fig. 1 shows the progressive increase in colony size with time. On day 1, only single cells were visible (not illustrated). Small colonies of 0.05-mm diameter were noted on day 5. Colony-forming efficiency remained essentially the same between days 9 and 21, whereas the colony size steadily increased.
These results indicated that colony formation and growth was due to active division rather than to aggregation ofsmall colonies or cells. To further verify this, representative colonies were isolated and stained with DAPI to visualize metaphase cells. A representative colony is shown in Fig. 2a, and Fig. 2b . shows a colony stained with DAPI. At least one metaphase spread was seen in most colonies, indicating mitotic activity. Owing to the limitation of this technique, only metaphases at the periphery of a colony could be identified. A crude estimate of the number of cells in a colony was obtained by gently squashing the individual colonies under a coverslip and counting the dispersed GM2291 cells were inoculated (1000 cells per dish) into bacteriological dishes overlaid with 5 ml of agar or agarose medium. Methylcellulose medium was prepared with DME medium supplemented with hydrocortisone (10 ,ug/ml) and 20% fetal bovine serum. Colonies were counted and sized on day 21 . CFE, colony-forming efficiency. Characteristics of Cells Recovered from Methylcellulose. HF0814 cells were grown in methylcellulose with DME medium, hydrocortisone (10 ,ug/ml), and 20% fetal bovine serum. On day 21, all colonies from one dish were recovered and grown in monolayer in DME medium supplemented with 10% fetal bovine serum. When sufficient cells were obtained, 3 (3, 4) . Therefore, they were tested under conditions that were optimal for the anchorage-independent growth ofhuman fibroblasts in this study. The colony-forming efficiency of the 3T3 cells was low (3.4%) with an average colony size of 0.1 mm (range, 0.05-0.2 mm) ( Table 7 ). This degree of colony formation is significantly less than that seen with the human fibroblasts but is more than that reported in other systems (3, 4) .
For comparative purposes, cells that had been shown to be anchorage-independent in other studies were tested under these conditions. The results are included in Table 7 . HeLa cells formed colonies similar in size to those formed by human fibroblasts but with an extremely high colony-forming efficiency (99%). The nontumorigenic fibroblast X HeLa hybrid ESH5 and its tumorigenic segregant ESH5T formed colonies with an efficiency similar to that reported in other systems (6) .
DISCUSSION
Most anchorage assays have involved the use of bacteriological or tissue culture dishes overlaid with agar. Under these conditions, lack of growth of normal human fibroblasts has been uniformly documented, and the cells have been presumed to be entirely anchorage dependent for growth. The loss of this anchorage dependence, although not always correlated with tumorigenicity, is nevertheless one of the common characteristics of transformed cells. In this regard, the use of semisolid medium to selectively grow stem cells of human tumors has been fruitful (21) .
The results reported in this paper indicate that simple and seemingly minor modifications in these conventional systems can create an environment in which cells shown to be normal by several criteria (i.e., morphology, karyotype, mortality, and nontumorigenicity) can divide and form progressively enlarging colonies in an anchorage-independent environment. Six strains of fibroblasts besides those reported here have formed colonies under the conditions described (data not shown).
The conditions favoring growth of normal human fibroblasts in methycellulose appear to be the use of medium supplemented with hydrocortisone and a somewhat higher level of serum than is routinely used. The use of high levels of serum and hydrocortisone is necessary for optimal colony formation. When dishes were overlaid with agarose prior to the addition of methylcellulose, colonies formed only when DME medium supplemented with 20% serum was used. The most important point is that colonies did form in methylcellulose when there was an agarose underlay. This finding excludes the possibility that colony formation occurred at the surface of the dish rather than in suspension. The complete lack ofcolony formation when an agar underlay was used is most probably due to toxic factors in the agar that are known to inhibit the growth of cells (22) .
It has been reported that normal rat fibroblasts can be induced to grow in an anchorage-independent fashion. Todaro and de Larco (23) isolated a growth factor from medium conditioned by sarcoma virus-transformed mouse cells. This factor stimulates normal rat fibroblasts to divide in semisolid medium and produces a morphological change when added to the same cells grown in monolayer. Both the anchorage-independent growth and the morphological change from that of a normal fibroblastic appearance to one of a transformed, disorganized type are reversible upon removal of the growth factor.
At the present time, the reasons why normal human fibroblasts are capable of anchorage independent growth in our system are not completely known. The conditions supporting optimal growth in our experiments [DME medium supplemented with hydrocortisone (10 ,g/ml) and 20% serum] have not to our knowledge been tested before. In most studies, tissue culture grade dishes are overlaid with agar or agarose followed by addition of the suspension medium containing the cells under investigation. Also the media used are usually supplemented with considerably less than 20% serum (6, 24, 25) . The lack of anchorage-independent growth offibroblasts noted under these conditions also was obtained in our studies. It is possible, therefore, that the normal fibroblast cells are intrinsically capable of such anchorage-independent growth and that in previous investigations the conditions tested were inhibitory to these cells. Alternatively, the conditions to which we have exposed the cells in our assay may induce the cells to synthesize the growth factors necessary for independent growth. These possibilities are under investigation. The conditions described in this study may themselves not be optimal for sustained anchorage-independent growth. For example, although the HeLa cells formed colonies with high efficiency, the average size of the colonies was no greater than that observed for human fibroblasts.
It is clear that normal human diploid fibroblasts must now join the list of normal cells capable of anchorage-independent growth. This list includes hematopoietic cells (26) and endothelial cells (27) . Furthermore, it is clear that anchorage-independent growth, as an intrinsic property, is not confined to transformed or tumorigenic cells and, thus, poses a warning to investigators utilizing this assay in clinical studies of drug sensitivities of putative human tumor cells growing in semisolid medium (21) .
Our observation that single normal cells will initiate DNA synthesis and divide when suspended in methylcellulose is contrary to the hypothesis of Folkman and Moscona (28) , who state that the shape of a cell is critical for DNA synthesis by normal cells and that when normal cells assume a spherical shape, as in suspension, they are unable to proceed through DNA synthesis. In our studies the individual fibroblast cells assume a spherical shape in methylcellulose and, of course, proceed to divide actively. Interestingly, when an obvious colony is formed, the cells on the periphery of the colony (Fig. 2b ) line up in a fibroblastoid manner.
Finally, the finding that normal human diploid fibroblasts are capable of anchorage-independent growth and yet retain their normal phenotypic characteristics will perhaps stimulate reinvestigation of the conditions necessary for growth of these cells in liquid suspension. Accomplishment of this would greatly enhance the usefulness of human fibroblasts for human viral vaccine production and also may lead to new concepts ofthe control of growth of normal cells in culture. 
